9 Endogenous retroviruses (ERVs) arise from retroviruses chromosomally integrated in 1 0 the host germline. ERVs are common in vertebrate genomes and provide a valuable 1 1 fossil record of past retroviral infections to investigate the biology and evolution of 1 2 retroviruses over a deep time scale, including cross-species transmission events. Here
27 FcERV_γ6 proviruses were orthologous in cat and tiger, which indicates that all must 2 8 1 have inserted prior to speciation of these felids, which has been robustly estimated at 2 8 2 ~10.8 (8.4-14.5) MY [60] . However only 13 of these 27 insertions were estimated to be 2 8 3 older than 10 MY based on LTR divergence (S1 Table) . Similarly, M. lucifugus and M.
2 8 4
brandtii are thought to have diverged ~10 MYA [61,63], but the age of the four MLERV1 2 8 5
insertions orthologous between these two species was estimated to be 10.5, 6.8, 4.5 2 8 6 and 1.2 MY based on LTR divergence (S1 Table) . One possible explanation for these 2 8 7 discrepancies between the two dating methods is the phenomenon of gene conversion 2 8 8 between two adjacent LTRs, which homogenizes their sequence, causing to 2 8 9
underestimate the date of proviral insertion [70, 71] . Indeed, a phylogenetic analysis of 2 9 0 the LTR sequences from the four MLERV1 proviruses orthologous in M. lucifugus and 2 9 1 M. brandtii, shows a topology consistent with gene conversion for at least two of these 2 9 2 proviruses: their 5' and 3' LTR cluster together rather than by species (Fig. 3b ). Thus, 2 9 3 estimates of the age of proviruses based on LTR divergence should be interpreted with 2 9 4 caution, as they are likely to be underestimates. Nonetheless, the results are in 2 9 5 agreement with the other lines of evidence that the vespertilionid, felid, and pangolin 2 9 6 lineages were independently infiltrated by the same ERV during an evolutionary 2 9 7 timeframe ranging from ~25 to ~13 MYA. To further characterize the evolution history of MLERV1, FcERV_γ6 and MPERV1, we 3 0 1 examined the phylogenetic relationship of elements within these families using a 3 0 2 maximum-likelihood tree built from an alignment of their 3' LTR sequences. We used 3 0 3
only 'complete' proviruses (30 in bats, 43 in cats and 2 in pangolin), since we observed 3 0 4 that including tiger provirus and solo LTRs did not yield any new major clade in the 3 0 5 1 5 phylogeny (S1 Fig.) . Also the general topology of the tree is identical if the 5' LTR 3 0 6 sequences are included (S2 Fig.) . Trees generated using internal coding sequences also 3 0 7 displayed the same general topology (S3 Fig.) , but offered less phylogenetic resolution 3 0 8
due to the more constrained nature of retroviral coding sequences relative to LTRs 3 0 9
[72,73].
The unrooted tree resulting from the phylogenetic analysis ( Fig. 4) Within the FcERV_γ6 family, the analysis reveals that purifying selection has acted on all 3 5 5 coding domains (ω value ranging from ~0.6 to ~0.9, p < 0.05), with the notable exception 3 5 6
of Gag matrix and envelope domains (Fig. 5a ). The ω value is not significantly different 3 5 7 from 1 (neutral evolution) for the Gag matrix domain (Gag_MA). Besides, all but nine of 3 5 8 the 43 FcERV_γ6 proviruses lack an envelope domain (TLV_coat). The nine copies that 3 5 9
have retained a recognizable envelope domain occupy basal branches in the phylogeny 3 6 0 ( Fig. 4 ) and have orthologs in the tiger genome suggesting that they predate the 3 6 1 envelope-less copies (S1 Table) . Furthermore, 29 or the 43 FcERV_γ6 proviruses lack of purifying selection acting on the Gag matrix domain, these data suggest that 3 7 0
FcERV_γ6 rapidly lost its infectious capacity in the cat lineage but has continued to 3 7 1 amplify primarily via retrotransposition amplified primarily via retrotransposition. functional envelope protein ( Fig. 4 and Fig. 5b ). Together these data suggest that 4 6 7
FcERV_γ6 lost its infectious capability soon after it became endogenous, but continued FcERV_γ6 copies in our phylogenetic analysis (Fig. 4 ). Collectively these data suggest 4 7 5
that FcERV_γ6 has morphed into a successful retrotransposon that may still be active in underlying such transition remain poorly understood. In a seminal study, Ribet et al.
2 7
showed that the loss of envelope gene combined to the gain of an endoplasmic 5 2 8 reticulum targeting signal were apparently sufficient for an infectious progenitor of the mouse IAP elements to turn into a highly active retrotransposon [90] . Magiorkinis et al.
3 0
[94] have extended this paradigm and proposed that the passive loss of envelope lead 5 3 1 ERVs to become "superspreaders" in the genome. Through a study of IAP-like elements 5 3 2 across a wide range of species, these authors observed that envelope-less elements 5 3 3 generally achieve much higher copy numbers than those maintaining a functional 5 3 4 envelope. Our results support this model. First, envelope-less FcERV_γ6 elements have 5 3 5
proliferated to high copy numbers in the domestic cat (n=832) and tiger (n=730). In 5 3 6
addition, in the bats the only subfamily of MLERV1 elements that has attained similarly 5 3 7 high copy number is MLERV1_3, which conspicuously lack a functional envelope gene 5 3 8
( Fig. 5 ). MLERV1_3 elements have generated many species-specific insertions 5 3 9
consistently outnumbering the MLERV1_2 subfamily, which appears to have spread (Fig. 2) . Thus, there is a clear association between the loss of 5 4 2 infectious capacity and ERV expansion by retrotransposition.
4 3
Does host biology affect ERV proliferation?
4 4
An intriguing finding of this study is that the same or very similar retrovirus was 5 4 5 endogenized in three different mammalian hosts within a relatively short evolutionary 5 4 6 timeframe (~15-25 MYA), but followed quite different evolutionary trajectories in the 5 4 7 three species lineages. In the pangolin lineage, the ERV family failed to amplify (only 2 5 4 8 detectable copies) and was essentially 'dead-on-arrival'. In the cat lineage, the ERV 5 4 9
progenitor apparently lost its infectious capacity shortly after endogenization and NS: Not significant different from 1 NA: Not appliable *: Significant different from 1 by p<0.05 **: Significant different from 1 by p<0.01 ***: Significant different from 1 by p<0.001
